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57 ABSTRACT 
An asynchronous transfer mode network interface is 
provided to multiplex isochronous and bursty data traf 
fic over a single logical connection. Isochronous data is 
received by the network interface and stored in a buffer 
for subsequent multiplexing with bursty data received 
and stored in a buffer and for transmission over the 
single logical connection. 

11 Claims, 7 Drawing Sheets 
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1. 

NETWORK iNTERFACE FOR MULTIPLEXNG 
AND DEMULTIPLEXINGSOCHRONOUS AND 
BURSTY DATA STREAMS IN ATM NETWORKS 

BACKGROUND 
1. Technical Field 
The invention relates to network interfaces for asyn 

chronous transfer mode networks which multiplex and 
demultiplex isochronous and non-isochronous data 
streams on a single physical channel, independent of 
host processors. 

2. Description Of Related Art 
Isochronous and non-isochronous information have 

different characteristics which impose different de 
mands on communication networks. As a result, differ 
ent transfer modes were developed to transport infor 
mation from one point to another along particular com 
munication networks. 
For the present application non-isochronous data will 

also be referred to as bursty data. Such bursty type data 
includes for example, file transactions and e-mail trans 
actions. Isochronous data, on the other hand, is often 
transferred between end points using a circuit switching 
transfer mode which establishes and maintains a contin 
uous circuit between the end points for the duration of 
the communications. 

Typically, bursty data has a high peak-to-average rate 
ratio, mandates error-free transmission, and has rela 
tively course end-to-end timing constraints. For exam 
ple, a remote database access may specify that a query 
message be delivered from client to a server in under 5 
seconds 95 percent of the time. However, if a transmis 
sion erroris detected, the correct response is to retrans 
mit the query message even if the 5 second specification 
is violated. Traditional local area networks (LANs), 
such as Ethernet and Token Ring networks, are de 
signed to transfer bursty data. 

In contrast, isochronous data is regular in time, i.e., 
has a fixed bandwidth, and usually does not require 
error-free transmission since errors typically result as 
audio/video noise. In addition, isochronous data has 
stringent end-to-end timing constraints. Traditional 
wide area networks (WANs) like the telephone net 
work and integrated services digital networks (ISDN's) 
are geared for isochronous data. These networks can 
support composite streams with both isochronous and 
bursty data traffic, however they are heavily biased 
toward isochronous traffic. For example, an ISDN 128 
kbps Basic Rate Interface (BRI) is a reasonable medium 
for the voice and video components of an integrated 
voice/video/data call, but the data rate of the data 
component is likely 64 kbps or less, which is substan 
tially slower than the 10 Mbps data rates realized on 
traditional local area networks. 

Traditional local area networks and wide area net 
works are not well suited to transfer composite data 
streams of isochronous and non-isochronous informa 
tion. In general, local area network technology (both 
hardware and software) is intrinsically biased for bursty 
data. Multiplexing multiple logical connections (with 
potentially different data types) onto the network is an 
upper-layer software construct, adapted for time-insen 
sitive, error-free data connections. However, isochro 
nous, e.g., voice and/or video, information transmission 
requires a guaranteed bandwidth and tightly bounded 
delivery delays. Low-end isochronous streams may be 
viable over traditional LANs, however the resolution 
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2 
and quality achieved is often unacceptable for practical 
uses. Moreover, as the demands imposed on communi 
cation networks increase, the transfer of isochronous 
data along traditional local area networks is impractica 
ble. For example, isochronous information streams re 
quire real-time processing which cannot be provided by 
current local area networks and host processors, except 
when transporting information streams with low band 
widths. 
Wide area network technology has evolved to pro 

vide isochronous and bursty data stream transmission 
capabilities. Such wide area networks designs are pri 
marily directed to transfer isochronous data indepen 
dent of host processors and secondarily to transfer 
bursty data at rates of approximately 64 kbps. However, 
such bursty data rates are unacceptable for multimedia 
communications, which require bursty data to be trans 
mitted at a rate of at least 10 Mbps. An example of the 
above described wide area network is the NCR 3336 
Telemedia Connection (TMC) which has a network 
feed (ISDN BRI) connected directly into an isochro 
nous stream processor (e.g., an AVP Video CODEC 
chipset, manufactured by AT&T). The stream proces 
sor multiplexes and denultiplexes the composite audi 
o/video/data stream, diverting the isochronous compo 
nents to the appropriate real-time processors, and for 
warding the bursty data component to appropriate host 
processors. 
An emerging transfer mode technology developed to 

overcome the drawbacks of conventional LAN and 
WAN technologies in network communications is the 
asynchronous transfer mode (ATM) technology in, for 
example, Broadband Integrated Services Digital Net 
work (B-ISDN) which is designed to transfer voice, 
video, image and data. Transfer modes, such as message 
switching, circuit switching and packet switching, used 
with the above noted network technologies are primar 
ily dedicated for either isochronous or non-isochronous 
data and are not adaptable for efficient use in emerging 
voice, video and data communication networks, such as 
B-ISDN technology. Thus, asynchronous transfer 
mode technology was developed to provide communi 
cation networks with the capability to support the dif 
ferent kinds of data traffic. 

Generally, the ATM technology supports four 
classes of traffic: 1) constant bit rate, connection-ori 
ented, synchronous traffic (e.g., uncompressed voice 
and video data); 2) variable bit rate, connection-ori 
ented, synchronous traffic (e.g., compressed voice and 
video data); 3) variable bit rate, connection-oriented, 
asynchronous traffic (e.g., X.25); or 4) connectionless 
packet data (e.g., local area network traffic). ATM 
technology is based on a cell switching technique which 
packages or organizes information, such as isochronous 
or non-isochronous data, into fixed length packets 
called cells. Each ATM cell is 53 bytes long and in 
cludes 5 bytes for a header and 48 bytes for a payload. 
The ATM header includes various fields used to ensure 
efficient and accurate transfers of data along the net 
work. One such field is the virtual channel identifier 
(VCI) which is used to identify the virtual channel upon 
which the cell is to be transferred. 
Asynchronous transfer mode technology is a connec 

tion-oriented technology wherein host processors desir 
ing to communicate are required to establish and main 
tain a logical or virtual connection therebetween. ATM 
technology utilizes a three layer architecture to facili 
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tate isochronous and non-isochronous data communica 
tions. The three layers are the Physical layer, the ATM 
layer and the ATM Adaption layer (AAL). However, 
current ATM technology requires traditional host pro 
cessors to establish and maintain communication links 
and to route the different data streams (e.g., bursty or 
isochronous) over the proper communication link. As a 
result, the number of CPU cycles allocated for data 
applications in the host processor is reduced in order to 
accommodate the network communication tasks. 

Moreover, traditional host processors are not de 
signed to process real-time isochronous data. As a re 
sult, the processing of the isochronous data imposes a 
constant bandwidth restriction on the host processor, 
which also reduces the number of CPU cycles allocated 
for data applications. FIG. 1 illustrates a prior art ATM 
network architecture 10 having isochronous processors 
12 connected to host data processors 14 and the host 
processors connected to known ATM switches 16. A 
broadband integrated services digital network (B- 
ISDN) 18 utilizing ATM technology resides between 
each ATM switch. 

Based upon the above-described drawbacks with 
current ATM technology, a need exists for an ATM 
network interface which is capable of multiplexing and 
demultiplexing composite data streams onto a single 
logical connection independent of a host processor, and 
which is capable of isolating isochronous data from the 
host processors so as to reduce the number of CPU 
cycles dedicated by the host processor to network com 
munications. 

SUMMARY 

The present invention provides an ATM network 
interface for multiplexing and demultiplexing isochro 
nous and nonisochronous data streams in asynchronous 
transfer mode based communications networks. The 
ATM network interface includes a multiplexer portion 
and a demultiplexer portion. Preferably, the multiplexer 
portion includes means for receiving isochronous and 
nonisochronous data from independent processors, and 
for generating ATM cells incorporating the data. The 
multiplexer portion further includes means for multi 
plexing the ATM cells onto a single logical connection 
associated with the ATM network. The demultiplexer 
portion includes means for receiving isochronous and 
nonisochronous ATM cells from the single logical con 
nection and for demultiplexing the isochronous and 
nonisochronous ATM cells to extract isochronous data 
from the isochronous ATM cells and nonisochronous 
data from the nonisochronous ATM cells. The demulti 
plexer portion further includes means for storing the 
extracted isochronous and nonisochronous data for 
subsequent transfer to independent processors. 

In a preferred embodiment the multiplexer portion 
includes first buffer means for storing isochronous data 
received from isochronous processors, second buffer 
means for storing nonisochronous data received from 
nonisochronous processors, and a multiplexing control 
ler coupled to the first and second buffer means. The 
multiplexing controller includes means for retrieving 
the isochronous data from the first buffer means and for 
creating an ATM cell incorporating the isochronous 
data. The controller also includes means for retrieving 
the nonisochronous data from the second buffer means, 
and for creating an ATM cell incorporating the noniso 
chronous data. The controller further includes means 
for multiplexing the isochronous and nonisochronous 
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4 
ATM cells onto the single logical connection of the 
ATM based communication network. 

In a preferred embodiment, the demultiplexing por 
tion includes a demultiplexing controller coupled to the 
ATM based communication network. The demultiplex 
ing controller provides means for retrieving isochro 
nous and nonisochronous ATM cells from the ATM 
based communication network and for demultiplexing 
the ATM cells and extracting the isochronous and 
nonisochronous data. The demultiplexing controller 
further includes first buffer means coupled to the de 
multiplexing controller to store the received isochro 
nous data, and second buffer means coupled to the de 
multiplexing controller to store the received noniso 
chronous data. 

In an alternative embodiment, the present invention 
provides an asynchronous transfer mode (ATM) com 
munication network which multiplexes and demulti 
plexes isochronous and nonisochronous data streams 
over a single logical connection of the ATM network. 
Preferably, the network includes at least one network 
interface coupled to transmitting processors, at least 
one network interface coupled to receiving processors 
and an asynchronous transfer mode based broadband 
integrated services digital network connected between 
the at least one network interface associated with the 
transmitting processors and the at least one network 
interface associated with the receiving processors. 
The transmitting processors include isochronous and 

nonisochronous processors and the network interface 
associated therewith receives isochronous and noniso 
chronous data from corresponding transmitting proces 
sors, generates individual ATM cells incorporating the 
isochronous data or the nonisochronous data, and multi 
plexes the ATM cells onto the ATM based broadband 
communication network. 
The receiving processors include isochronous and 

nonisochronous processors and the network interface 
associated therewith, transmits isochronous and noniso 
chronous data to corresponding receiving processors, 
demultiplexes ATM cells extracting isochronous data 
and the nonisochronous data, and stores the extracted 
data for subsequent transfer to the receiving processors. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are de 
scribed hereinbelow with reference to the drawings 
wherein: 
FIG. 1 is a block diagram of prior art ATM network 

architectures; 
FIG. 2 is a block diagram of an exemplary embodi 

ment of the ATM network architecture according to 
the present invention; 
FIG. 3 is an expanded block diagram of a portion of 

the diagram of FIG. 2, illustrating isochronous and 
non-isochronous processors connected to an ATM net 
work interface; 

FIG. 4 illustrates functional connections between the 
ATM network interface and the isochronous and non 
isochronous data processors; 

FIG. 5 is a detailed block diagram of the ATM net 
work interface according to the present invention; 

FIG. 6 is a flow diagram of the multiplexing opera 
tion according to the present invention; and 
FIG. 7 is a flow diagram of the demultiplexing oper 

ating according to the present invention. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present application provides an ATM communi 
cation network architecture which includes a network 
interface to multiplex and demultiplex composite infor 
mation streams onto a single logical connection inde 
pendent of the host processors connected to the net 
work. FIG. 2 illustrates an exemplary ATM communi 
cation network 20 incorporating network interfaces 22 
between ATM switches 24 and a plurality of processors 
26, 28, 30 and 32. The ATM switches are known in the 
art. An example of a suitable ATM switch is the AT&T 
Univercell. Processors 26, 28, 30 and 32 may be isochro 
nous information processors, such as digital signal pro 
cessors and video coders/decoders, or non-isochronous 
information processors, such as the Intel X86 processor 
line running standard operation systems, such as Mi 
crosoft Windows (R). 
FIG. 3 illustrates an expanded view of a single net 

work interface connection to the ATM based communi 
cation network shown in FIG. 2. In this configuration, 
there are four processors connected to the network 
interface 22. Two of the processors are non-isochronous 
data processors 34 and two are isochronous processors 
36. 
As shown in FIG. 1 and described above, current 

ATM network technology utilizes a host processor to 
initiate and manage communications between isochro 
nous data processors connected to the network, as well 
as managing nonisochronous data communications by 
the host. Utilization of the host processor for such net 
work communication reduces the number of CPU cy 
cles allotted to the host's data application programs. 
The network interface of the present invention over 
comes the drawback of current ATM networks by 
relieving the host processor of the task of managing 
isochronous data communications. This is accomplished 
by connecting the host and isochronous processors to 
the network interface which then multiplexes and 
demultiplexes the communications over a single logical 
connection. 

Referring to FIGS. 3, 4 and 5, the network interface 
22 resides between ATM switch 24 and the various 
processors 34 and 36. The network interface 22 has a 
multiplexer portion 40 and a demultiplexer portion 42. 
The multiplexer portion 40 preferably includes a cell 
multiplexer controller 48 and buffer memories 50 and 
52. Preferably, cell multiplexer controller 48 utilizes a 
processor 60, such as the Intel model 960 microcon 
troller or equivalent processor circuitry having similar 
processing characteristics, and associated memory 62 
for storing system and application programs. Multiplex 
ing communication circuitry 64 is coupled to the pro 
cessor 60 to combine the nonisochronous data with the 
isochronous data and to transfer the data along a single 
logical connection via an ATM based communication 
network, such as an ATM based B-ISDN network. 
Such multiplexing communication circuitry is known in 
the art. 

FIG. 6 illustrates an exemplary flow diagram for the 
multiplexing operation according to the present inven 
tion. Prior to sending data on or receiving data from the 
ATM network, a host processor at the sending end of 
the network creates a logical connection with the host 
processor at the receiving end. Typically, when trans 
ferring data along a communication network, the net 
work defines the parameters on how data is transferred, 
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6 
e.g., the bandwidth and bit or baud rates. The ATM 
based B-ISDN network utilized with the present inven 
tion defines the bandwidth for data flow, that is, the 
network defines how many ATM cells may be trans 
ferred per second so that the audio and video portions 
of the isochronous data stream remain synchronized. 
Once the logical connection is established, the host 

processor is relieved of managing isochronous data flow 
and the isochronous processors can transmit data there 
between without host processor intervention using the 
network interface. The network interface 22 receives 
and stores the isochronous and nonisochronous data for 
subsequent multiplexing. Numerous methods may be 
utilized to transfer data from the host or isochronous 
processors 34 and 36 to the network interface. For ex 
ample, the network interface 22 may periodically poll 
each processor for data, or the processors could con 
tinue to send data to the network interface 22 until the 
interface transmits a buffer full interrupt to the proces 
SO. 

As data is loaded into the buffer memories 50 and 52, 
the network interface 22 at the transmitting end interro 
gates the isochronous transmit data buffer 50 to deter 
mine if the buffer is either full or has reached a predeter 
mined threshold (steps 610 and 620). If the buffer 50 is 
full, the multiplexer controller 48 retrieves the isochro 
nous data from the buffer and creates an ATM cell (step 
630). Techniques for creating an ATM cell are known 
in the art. When creating the cell, multiplexer controller 
48 incorporates cell header information including the 
channel identifier. The channel identifier is used by the 
receiving network interface 22 to transfer the payload 
of the ATM cell to the appropriate host or isochronous 
data processor. Once the cell is created the isochronous 
data can be transferred to the remote processor via the 
B-ISDN network (step 640). Alternatively, timing or 
bandwidth constraints may require the isochronous data 
cell to be temporarily stored in memory and retrieved 
and transferred along the network at an appropriate 
interval. For example, if the bandwidth of the network 
permits the transfer of five cells per second and every 
fifth cell is reserved for the isochronous data cell, then 
the isochronous data cell may have to be stored in mem 
ory until the fifth cell is to be transferred along the 
network. 
Continuing to refer to FIGS. 5 and 6, if the isochro 

nous data transmit buffer 50 is not full, multiplexer con 
troller 48 retrieves nonisochronous data from frame 
segmentation buffer 52 and segments the data to create 
a nonisochronous data cell (step 650). Once the cell is 
created, it may be transferred along the ATM based 
B-ISDN network (step 660). Alternatively, as with 
isochronous data cells, the nonisochronous data cells 
may have to be temporarily stored and retrieved as 
network bandwidth requirements dictate. 

Referring again to FIG. 5, the demultiplexer portion 
42 is constructed similar to the multiplexer portion and 
preferably includes a cell demultiplexer controller 54 
which has a processor and associated memory for stor 
ing system and application programs, and buffer memo 
ries 56 and 58. Cell demultiplexer controller 54 prefera 
bly utilizes processor 60 and memory 62. However, one 
skilled in the art will recognize that independent pro 
cessing circuitry may be utilized for each controller 48 
and 54. Cell demultiplexer controller 54 also includes 
demultiplexing communication circuitry 66 coupled to 
the processor. The communiéation circuitry 66 extracts 
the payload and header information from the isochro 
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nous and nonisochronous ATM cells received from the 
ATM based B-ISDN network. 
As noted, the header information includes the chan 

nel identifier. Communications received from the B 
ISDN network are directed to the appropriate isochro 
nous or non-isochronous data processors utilizing the 
channel identifier. Typically, upon creation of the logi 
cal connection, a cross-reference table relating to the 
channel identifier and associated processor is generated 
by the host processor establishing the virtual channel. 
The table is stored in memory 62 of the corresponding 
network interface 22. Once the destination of the iso 
chronous or nonisochronous data is ascertained by the 
network interface, the data may be transferred to the 
appropriate processor 34 or 36 using, for example, stan 
dard communication backplanes. A suitable backplane 
configuration is a peripheral component interconnect 
(PCI) bus 44 and shared PCI bridge 46, shown in FIG. 
5. 
FIG. 7 illustrates an exemplary flow diagram for the 

demultiplexing operation according to the present in 
vention. As noted above, before any communications 
between processors can occur, a logical connection 
must be created. Data is received from the ATM based 
B-ISDN network by the demultiplexer controller 54 
which demultiplexes the incoming stream of ATM 
cells, by extracting payload and header information 
from each cell (step 710). The controller determines 
which processor 34 or 36 is designated to receive the 
data using the channel identifier. If the data is isochro 
nous, the controller directs the data to the isochronous 
data receive buffer 56 (steps 730 and 740). If the data is 
nonisochronous, the controller directs the data to the 
frame reassembly buffer 58 (steps 730 and 750). Once 
the data is transferred to the appropriate buffer, the data 
is then transferred to the appropriate processor (step 
760 or 770). Numerous methods may be implemented to 
transfer the data within the buffer to the appropriate 
processor. For example, the individual processors 34 
and 36 may periodically poll the network interface 22 
for buffer data designated for that particular processor. 
However, other known communication techniques may 
be utilized to transfer the data to the appropriate proces 
SO. 

What has been described is merely illustrative of the 
application of the principles of the present invention. 
Other arrangements and methods can be implemented 
by those skilled in the art without departing from the 
spirit and scope of the present invention. 
What is claimed is: 
1. A network interface for multiplexing and demulti 

plexing isochronous and nonisochronous data streams 
in asynchronous transfer mode based communications 
networks, which comprises: 
a multiplexer portion including means for receiving 

isochronous and nonisochronous data from inde 
pendent processors and for generating ATM cells 
incorporating said data, and means for multiplexing 
said ATM cells onto a single logical connection 
associated with said asynchronous transfer mode 
based communication network; and 

a demultiplexer portion including means for receiving 
isochronous and nonisochronous ATM cells from 
said single logical connection and for demultiplex 
ing said isochronous and nonisochronous ATM 
cells to extract isochronous data from said isochro 
nous ATM cells and nonisochronous data from 
said nonisochronous ATM cells, and means for 
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8 
storing said extracted isochronous and nonisochro 
nous data for subsequent transfer to independent 
processors. 

2. The network interface according to claim 1, 
wherein said multiplexer portion further comprises: 

first buffer means for storing isochronous data re 
ceived from isochronous processors; 

second buffer means for storing nonisochronous data 
received from nonisochronous processors; and 

a multiplexing controller coupled to said first and 
second buffer means, said multiplexing controller 
including means for retrieving said isochronous 
data from said first buffer means and for creating an 
ATM cell incorporating said isochronous data, and 
means for retrieving said nonisochronous data 
from said second buffer means and for creating an 
ATM cell incorporating said nonisochronous data, 
and means for multiplexing said isochronous and 
nonisochronous ATM cells onto a single logical 
connection of an ATM based communication net 
work. 

3. The network interface according to claim 2, 
wherein said multiplexing controller comprises a micro 
processor, memory and ATM cell multiplexing cir 
cuitry. 

4. The network interface according to claim 1, 
wherein said demultiplexer portion further comprises: 

a demultiplexing controller coupled to said ATM 
based communication network, said demultiplex 
ing controller including means for retrieving iso 
chronous and nonisochronous ATM cells from said 
ATM based communication network and for de 
multiplexing said ATM cells and extracting said 
isochronous and nonisochronous data; 

first buffer means coupled to said demultiplexing 
controller for storing said received isochronous 
data; and 

second buffer means coupled to said demultiplexing 
controller for storing said received nonisochronous 
data. 

5. The network interface according to claim 4, 
wherein said demultiplexing controller comprises a 
microprocessor, memory and ATM cell demultiplexing 
circuitry. 

6. A communication asynchronous transfer mode 
network for multiplexing and demultiplexing isochro 
nous and nonisochronous data streams over a single 
logical connection, which comprises: 

at least one first network interface coupled to trans 
mitting processors, wherein said transmitting pro 
cessors include isochronous and nonisochronous 
processors, and said first network interface re 
ceives isochronous and nonisochronous data from 
corresponding transmitting processors, generates 
individual ATM cells incorporating said isochro 
nous data or said nonisochronous data, and multi 
plexes said ATM cells for subsequent transmission 
onto an ATM based broadband communication 
network; and 

at least one second network interface coupled to 
receiving processors, wherein said receiving pro 
cessors include isochronous and nonisochronous 
processors, and said second network interface 
demultiplexes ATM cells received from said ATM 
based broadband communication network extract 
ing said isochronous data and said nonisochronous 
data therefrom, and stores said extracted data for 
subsequent transfer to said receiving processors; 
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wherein said ATM based broadband communication tion and a nonisochronous processor at a receiving 
network is connected between said at least one first location; 
network interface and said at least one second net- transferring nonisochronous data from said noniso 
work interface. chronous processor at the transmitting location and 

7. The communication network according to claim 6, 5 isochronous data from an isochronous processor 
wherein said first and second network interfaces com- located at the transmitting location to a first net 
prise: work interface located at the transmitting location; 
a multiplexing controller coupled to said ATM based converting said nonisochronous data transferred to 
broadband communication network and to trans- said first network interface and said isochronous 
mit buffer memory means; and O data transferred to said first network interface into 

individual ATM cells; and 
multiplexing said ATM cells onto said single logical 

connection. 
11. The method according to claim 10 further com 

15 prising the steps of: 
receiving ATM cells transmitted from said transmit 

ting location at a second network interface located 

a demultiplexing controller coupled to said ATM 
based broadband communication network and to 
receive buffer memory means. 

8. The communication network according to claim 7, 
wherein said multiplexing controller comprises a micro 
processor, memory and ATM cell multiplexing cir 
cuitry. at said receiving location; 

9. The communication network according to claim 7, demultiplexing said received ATM cells to extract 
wherein said demultiplexing controller comprises a 20 said isochronous and nonisochronous data there 
microprocessor, memory and ATM cell demultiplexing from; 
circuitry. storing said extracted isochronous and nonisochro 

10. A method for transferring isochronous and nous data in buffer memory; and 
nonisochronous data over an ATM based broadband transferring said extracted isochronous and noniso 
communication network, comprising the steps of: 25 chronous data from said buffer memory to corre 

establishing a single logical connection on said ATM sponding isochronous and nonisochronous proces 
based broadband communication network between SOS. 
a nonisochronous processor at a transmitting loca- sk is k is k 
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